Introduction 39
Coastal lagoons are characterized by large fluctuations in physical and 40 biogeochemical conditions as a consequence of their location between land and 41 sea (Kjerfve 1994) . Coastal lagoons are relatively shallow and tend to be 42 dominated by benthic primary producers, such as seagrass, macroalgae and 43 benthic microalgae rather than by phytoplankton (Tyler et al. 2001 ). This 44 promotes a strong benthic-pelagic coupling that influences carbon and nutrient 45 dynamics, as well various aerobic and anaerobic respiration pathways. Likeecological models available (ERSEM). A two way coupling between water 115 column and biogeochemistry is applied. The dependence of the biogeochemistry 116 on the physics is established via vertical mixing and horizontal advection of 117 nutrients, temperature and salinity, light availability and many other mechanisms. 118
The advantage of using a 1-DV framework is that the hydrodynamics is kept as 119 simple as possible, while still maintaining the necessary physical processes, in 120 such way that we can focus on studying the importance of the newly incorporated 121 functional groups (i.e. Z. marina and Ulva spp.). 122 123
Physical model 124
A one-dimensional numerical model for the water column is applied here, 
Baretta (1997). 148
ERSEM is a modelling framework in which the ecosystem is represented 149 as a network of physical, chemical and biological processes. It uses a 'functional 150 group' approach to describe the ecosystem, whereby biota are grouped together 151 according to their trophic level and sub-divided according to size and feeding 152 method. The ecosystem is subdivided into three functional group types: primary 153 producers, consumers and decomposers. Physiological (ingestion, respiration, 154 excretion and egestion) and population (growth, and mortality) processes are 155 included in the descriptions of functional group dynamics. These dynamics are 156 described by fluxes of carbon and nutrients between functional groups. Each 157 functional group is defined by a number of components, namely carbon (C), 158 nitrogen (N), and phosphorus (P) and, in the case of diatoms, silicate (Si), each 159 of which is explicitly modelled. The phytoplankton pool is described by fourfunctional groups. These are diatoms, flagellates, picoplankton and 161 nanoplankton. All phytoplankton groups contain internal nutrient pools and have 162 dynamically varying C:N:P ratios. The nutrient uptake is controlled by the 163 difference between the internal nutrient pool and external nutrient concentration. 164
The microbial loop contains bacteria, mesozooplankton and microzooplankton 165 each with dynamically varying C:N:P ratios. 166
The benthic sub-model contains a food web which describes nutrient and 167 carbon cycling via both aerobic and anaerobic bacterial pathways, 168 bioturbation/bioirrigation and the vertical transport in sediment of particulate 169 matter is due to the activity of benthic biota. The benthic nutrient model treats N, 170 P and Si, and their exchange with the pelagic system depending on the nutrient 171 gradients at the sediments surface. The mineralization of organic matter, coupled 172 to diagenetic nutrient processes in the sediments, is also included in the sub-173 model (Ruardij and van Raaphorst 1995 In an attempt to realistically simulate nutrient dynamics in the SQB 178 ecosystem, the food web with the trophic relationships among the different 179 groups was set up as shown in Figure 2 . State variables of Z. marina and Ulva 180 spp. are included (Table 1) to simulate the seasonal dynamics of their biomass. 181
9
The Z. marina module is conceptually similar to the phytoplankton module 184 in ERSEM, and is based on the Z. marina model proposed by Bocci et al. (1997) . 185
Seagrasses take nutrients from sediments through roots and rhizomes, and from 186 the water column through their shoots. Therefore, the seagrass module includes 187 a shoot sub-module which connects with the pelagic sub-model and a (rhizome-) 188 root sub-module which connects with the benthic sub-model. Both sub-models 189 exchange nutrients through a translocation routine. Fouling on seagrass leaves has been reported as an important control on 221 light availability, and thus on seagrass production, in eutrophic systems 222 (Borowitzka et al. 2006 ). This has lead to efforts to explicitly include epiphytic 223 algae in seagrass models (Plus et al. 2003; Dixon 2004 
Macroalgae module 286
The implementation of Ulva spp. module is conceptually similar to the Ulva 287
The biomass of Ulva spp. is considered to be governed by the following 289 processes: production (pU), respiration (rU), exudation (eU) and mortality 290 
1999). 333
For the initialization of the model and due to the lack of data for the 334 seasonality of nutrients in SQB throughout the whole year, it was assumed that 335 winter nutrient concentrations are similar to values observed during mid-intensity 336 upwelling (6 µM for nitrate, 4 µM for ammonium, 2 µM for phosphorus and 15 µM 337 for silicate). Experimental and literature data were used to parameterize the 338 scalars for each functional group. Some parameters that were not measured 339 (e.g. growth rates) were estimated and adjusted to better fit of the model (Table 2  340 and 3). The initial biomass was set to 60 g DW m -2 both for Z. marina and Ulva 341
spp. 342
The station chosen for the simulations is located 2 km from the mouth of 343 the bay (Figure 1 ). Nutrient concentration gradients used for the simulations 344 The larger sensitivity of Ulva spp. biomass to nitrate uptake in our 530 simulations for SQB (i.e. Ulva spp. biomass changes ~ 30% with a 30% variation 531 in the maximum uptake rate whereas Z. marina biomass only varies ~ 10%), is 532 consistent with macroalgae models for other coastal systems (Guimaraens et al. 
